Background: To examine the interaction between social income inequality, social integration, and health status among internal migrants (IMs) who migrate between regions in China. Methods: We used the data from the 2014 Internal Migrant Dynamic Monitoring Survey in China, which sampled 15,999 IMs in eight cities in China. The Gini coefficient at the city level was calculated to measure social income inequality and was categorized into low (0.2 < Gini <= 0.3), medium (0.3 < Gini <= 0.4), high (0.4 < x < = 0.5), and very high (Gini >0.5). Health status was measured based upon self-reported health, subjective well-being, and perceptions of stress and mental health. Social integration was measured from four perspectives (acculturation and integration willingness, social insurance, economy, social communication). Linear mixed models were used to examine the interaction effects between health statuses, social integration, and the Gini coefficient.
Background
Internal migrants (IMs) are individuals who migrate between regions within one country [1] . Since the 1950s, the Chinese government has maintained a household registration ("Hukou") system that defines access to employment, housing, social welfare, and educational opportunities in order to restrict the geographical mobility of the population [2] . But with economic development, the attitude of government toward internal mobility has shifted from restriction to assistance. For example, 15 cities with high concentrations of IMs were designated as "demonstration pilot cities" of IM social integration in 2014. According to the Report on China's Migrant Population Development of 2015, the number of IMs reached 253 million in 2014. Like international migrants, IMs experience similar social inclusion challenges, since China has significant disparities in culture, economic development, and social environments across regions [3, 4] .
Literature on international migrants and internal migrants suggests that migration has an impact on both physical and mental health [5] [6] [7] . The healthy migrant paradox has suggested that immigrants have physical health advantages at the initial stage of the immigration, but this advantage diminishes significantly with increasing residence time in the host society, a fact that was also observed in IMs in China, particularly among the temporary rural-to-urban migrant population [2, 8, 9] . Attempts to explain the decrease of the migrant physical health advantage have attributed the phenomenon to two factors: a temporal lifestyle that emphasizes immigrants' assimilation to host society life and acculturative stress [10] . Meanwhile, more studies are concentrating on IMs' mental health status. A few studies suggested that IMs suffered from stress arising from work-, familyand interpersonal-related difficulties and thus had higher levels of psychological distress than residents [11] [12] [13] [14] . Possible contributing factors included economic status and cultural adaptation status [3] . However, most studies on IMs' health factors have just focused on a particular aspect of social life, such as economic status or acculturation. [15] [16] [17] [18] [19] . Only a few studies have explored the IMs' health status from a more comprehensive social perspective including personal and social factors.
One of the societal factors rarely examined in IMs is social income inequality, which could affect public health across societies [20, 21] . For example, Wilkinson and Pickett (2006) reviewed 168 studies and found more than 70% of them reported that health was worse in societies with greater income inequality [22] . In China, researchers have tended to discuss the influence of social income inequality from the health resources allocation's perspective instead of from the perspective of the impact on health per se [23, 24] . In our study, we complement the literature by examining the association between social income inequality and the health statuses of IMs in eight cities with high IM concentrations in China.
Another social factor that might affect IMs' health status is social integration. The concept of social integration was developed to understand and explain immigrants' behavior, adaptation, the acculturation process, and self-identity. Social integration is a multi-dimensional concept that has multiple definitions across disciplines [25] . It is commonly measured by the size of the IM's network, frequency of contact with network members, and membership in a formal or informal organization [26, 27] . In this study, we adopted a theoretical framework of social integration that uses economic status, social communication, acculturation, and self-identity [28] .
The relationship between social integration and health status could be complicated to measure among immigrants due to lack of accurate measurement tools. Researchers have been prone to focus on a particular aspect of social integration. For example, in western countries, Butler (2015) found that individual psychological resources, social support, the acculturation process, cultural variations, and time since relocation were significant protective factors against the development of common mental disorders amongst migrants [29] . Haasen (2008) examined the association between acculturation stress and mental distress in migrants from Russia to Germany and found a significant correlation between acculturation stress and mental distress [30] . In China, Lei (2012) examined the relationship between migrants' social ties and their mental health and discovered that more trans-local ties were associated with better mental health, whereas the number of local ties was not a significant health protector [31] . Wen (2010) found that neighborhood satisfaction, social cohesion, and safety showed a strong association with health after controlling for individual factors [32] . However, migration is a complicated process involving all aspects of society, so the various influences on health should be explored comprehensively.
In this study, we referred to a concept model proposed by Lisa F. Berkman in 2000 [33] , which envisioned a cascading causal process beginning with the macro-social (social-structural conditions) to the mezzo-social (social integration) to personal health. We chose social income equality measured by the Gini coefficient to reflect socioeconomic disparities in the hosting society for IMs. We also evaluated IMs' social integration with respect to economic status, social insurance, social communication, culture adoption, and identity. This study explored the relationship between social integration and health status under varying degrees of socioeconomic inequality. Our objective is to complement the existing literature by providing further insights into the social factors that might influence the health statuses of IMs in China. Our results may help policy makers design the proper social policies to improve IMs' social integration and health statuses.
Method
Study site and data collection Data came from the Internal Migrant Dynamic Monitoring Survey, which was conducted by the National Population and Family Planning Commission in China in April 2014. The analysis of public access data was exempted by the local IRB; as this involved analyzing de-identified existing data, ethical approval was not required. The available data for this study included eight "demonstration pilot cities" of social integration (Chengdu, Jiaxing, Qingdao, Xiamen, Shenzhen, Beijing, Zhengzhou, Zhongshan). From the perspective of economic development and urban scale, Shenzhen and Beijing are first-tier cities, Chengdu, Zhengzhou, Qingdao, and Xiamen are second-tier cities, and Jiaxing and Zhongshan are third-tier cities. The sample size for each city was 2000, except for Chengdu having 1999, for a total sample size of 15,999.
Measurement

The Gini coefficient
The Gini coefficient is a valid index measuring the extent of income inequality. The value of the Gini Coefficient varies from 0 (representing perfect income equality) to 1 (representing perfect income inequality). The currently accepted standard is: Gini ≤0.2 denotes absolute equality, 0.2 < Gini ≤0.3 means low inequality in our study, 0.3 < Gini ≤0.4 indicates medium inequality, and 0.4 < Gini ≤0.5 means high inequality, while values larger than 0.5 mean very high inequality [34] . In our study, all the Gini coefficients at the city level were between 0.2 to 0.5. We extracted the monthly income of IMs in the survey and divided them into 13 intervals (every 500RMB), then adopted the simple Gini coefficient calculation method to examine each city's income equality [35] .
Social integration
The variables selected to measure social integration were chosen based upon the indicator system proposed by Yang and Zhou [28, 36] . A total of 13 indicators were selected to indicate comprehensive integration in terms of socioeconomic status, social interaction, culture adoption, and integration willingness in the host city. The 13 indicators are: composition of the neighbors; familiarity with local dialects; planning to move family members to the migration city in the next 1-3 years; monthly household income; income or occupation position compared with the relatives, friends and colleagues of the current resident; degree of respect compared with relatives, friends and colleagues of the current resident; the consent of the views, integration willingness, discrimination perception, old-age insurance, medical insurance, number of organizations participated in, and number of activities attended (see Appendix 1 Table 5 for more details).
Health
Health status was measured from four angles: self-reported health, subjective well-being, perception of stress, and mental health. Self-reported health was appraised by the general health dimension of SF-36 (Cronbach's coefficient = 0.72) that includes five items, with each item using a five point scale [37] . Subjective well-being was measured by the Satisfaction with Life Scale (SWLS, Cronbach's coefficient = 0.73) that is a 5-item set of questions scored on a seven point scale from 1 (disagree strongly) to 7 (agree strongly) [38] . Perception of stress was evaluated by the 4-item perceived stress scale (PSS-4, Cronbach's alpha coefficient = 0.79) [39] . Mental health was evaluated with the K6 scale of psychological well-being, with the Cronbach's alpha coefficient as 0.80 [40] . In our study, higher values on the scales represent better self-reported health, subjective wellbeing, and mental health, but also more perceived stress.
Statistical methods
Stratified, multi-stage sampling was adopted based on the Probability Proportionate to Size Sampling method (PPS).
All migrants who were reported by each village or neighborhood committee formed the basic sampling framework. Multilevel random selection was applied (townships were randomly selected from each city and then village, or neighborhoods were randomly selected from each selected township). Twenty individual subjects were extracted randomly in each selected village or neighborhood. Selected IMs were defined as individuals without "Hukou" (a registered resident certificate) in the place of residence who had been living in that location for more than a month. All sampled IMs were between 15 and 59 years of age.
Descriptive analyses were used to present demographic characteristics and health status. Analysis of variance (ANOVA) was used to test the difference of social integration and health statuses across cities. As for IMs' social integration, the principal component factor analysis was adopted to extract common factors and to compute the scores. Out of the indexes, monthly household income was standardized based on the average family's income in each city. Two-level (city and individual, the Gini coefficient for city-level units) linear mixed models were used to examine the associations between health statuses, social integration, and the Gini coefficient. Demographic characteristics, four factors of social integration, and the interaction effects of Gini and social integration were tested in fixed effect models.
Result
Demographic characteristics
The analytical sample included 15,999 IMs across eight cities. Adults aged 25 to 44 years old accounted for 68.1% of the sample. Most of them migrated from rural districts (86%), and 59.9% of them had received an education to the middle school level or below. The mean length of residence was 4.25 years (SD, 4.43), and the average age was 32.69 years old (SD, 8.72) ( Table 1) .
The Gini coefficient
The Gini coefficients were 0.278 and 0.289 respectively in Jiaxing and Chengdu, which indicates low income inequality. Zhengzhou (0.318), Qingdao (0.329), Xiamen (0.330), Zhongshan (0.336), and Beijing (0.375) were at medium income inequality levels. The Gini coefficient of Shenzhen was 0.447, which indicates high income inequality.
Social integration Factor analysis
We found that correlation coefficients between the variables were fit for principal component analysis (KaiserMeyer-Olkin Measure of Sampling Adequacy = 0.644). Communalities of variables were over 0.5, except the consent of the views (0.38), and therefore the principal component analysis was suitable for social integration of IMs. We chose the varimax method in factor rotation.
Factors in which eigenvalues were greater than 1 were extracted, which produced 6 components and explained 65.32% of the total variance. The structure loading of factors extracted and component score coefficient matrix is presented in Appendix 2: Table 6 .
Four factors were extracted according to loadings of the 6 components. The consent of the views (X6), integration will (X7), and discrimination perception (X8) constituted the first factor, called "acculturation and integration willingness." The second factor was called "social insurance," which was composed of old-age insurance (X9) and medical insurance (X10). The third factor was "subjective and objective economic status" as socioeconomic status (X4: Income or occupation position compared with the relatives, friends, and colleagues of the current resident; X5: Degree of respect compared with relatives, friends, and colleagues of the current resident; X13: Monthly household income; and X3: Bring family members or not to the local area in the next 1-3 years). The fourth factor, "social communication," was constructed as a composition of neighbors (X1), familiarity with the local dialect (X2), number of organizations participated in (X11), and number of activities attended (X12) (Appendix 2: Table 6 ).
Social integration estimate
According to the result of factor analysis, scoring formulas of social integration were shown as below (Formula 1 to 5).
Factor 1 (acculturation and integration willingness, 14.56-62.44) = 0.526 * X6 + 0.789 * X7 + 0.812 * X8 (1).
Factor 2 (social insurance, 0-1.75) = 0.866 * X9 + 0.882 * X10 (2) . Beijing, the capital of China, was best in social insurance and economic status. Chengdu topped in social communication, acculturation, integration willingness, and social integration. Zhongshan was the worst in social insurance, and Zhengzhou was worst in subjective and objective economic status. Interestingly, Jiaxing, which has the highest income equality (Gini = 0.278), was lowest in social integration. Its scores of social communication, acculturation, and integration willingness were the lowest, too (Table 2) . In general, social insurance ranked the first, with 74% of the total score of full integration, followed by acculturation and integration will (68%), socioeconomic status (54%), and social communication (24%). Social integration was 55% and improved over time.
Social integration and the Gini coefficient
Social integration showed significant differences between distinct levels of Gini (p < 0.001). Figure 1 shows that the relationship between Gini and social integration was nonlinear. For example, the Gini of Jiaxing and Chengdu were less than 0.3, but the social integration of Jiaxing was lowest, and Chengdu's social integration was highest. Therefore, it indicates that social integration is not monotonically related to absolute income inequality.
Health Health
IMs' self-reported health, Subjective well-being and mental health was best in Beijing and lowest in Xiamen. Perception of stress was highest in Zhengzhou and lowest in Beijing (Table 3 ). The "Wilkinson hypothesis" (increased income inequality in a society is related to worse health performance [41] ) was observed in selfreported health, but not in other health statuses. Spearman rank correlation between Gini coefficients and self-reported health (RS = −0.12, P < 0.001), subjective well-being (RS = −0.02, P < 0.001), and mental health (RS = −0.04, P < 0.001) showed significant inverse correlation, with perception of stress (RS = 0.09, P < 0.001) being an exception to that. Relationship between health, social integration, and social income inequality Elder IMs were worse in self-reported health (P < 0.001), but had less perceived stress (P < 0.01) and better subjective well-being (P < 0.01) and mental health (P < 0.05) than younger IMs. Men were better in selfreported health, but worse in subjective well-being. Interestingly, education had a negative relationship with self-reported health (P < 0.001), subjective well-being (P < 0.05), and mental health (P < 0.01), which we explain further in the discussion. IMs from rural districts were worse in self-reported health and had more perceived stress than those who came from urban districts, and IMs with longer years of residence had less perceived stress (P < 0.05). Social insurance could alleviate perceived stress (P < 0.05). Social communication was
conducive to mental health (P < 0.01). Socioeconomic status, acculturation, and social integration willingness had a mostly positive relationship with four aspects of health status. There was an interaction effect between the Gini coefficient and socioeconomic status. Social income inequality had a negative effect on the health status of IMs by affecting their economic inclusion. With the same socioeconomic status, IMs living in cities with higher social income inequality experienced worse self-reported health, subjective well-being, and mental health. In addition, social income inequality and social communication interactively influenced mental health in a negative way, i.e., with the same level of social communication, more social income inequality had a negative relationship with mental health (Table 4) .
Discussion
This study examined the relationships between social income inequality, social integration, and health status of IMs in China. Extensive research suggests that social integration and economic inequality are determinants of a population's health state [42] [43] [44] , while little is known about the mechanisms governing how these two determinants produce health capital. This study modeled social integration with multi-dimensional measures and examined the interaction effects of social integration and social income inequality on IMs' health status in China. Our findings not only supported a correlation between social integration and health status, but also found that social income inequality interacted with economic This study makes four key contributions to the literature on IMs' social integration and health status.
First, we used multi-dimensional social integration indices to examine the relationship between social integration and IMs' health status. We described social integration in four aspects: socioeconomic status, integration willingness, social insurance, and social communication. To begin with, socioeconomic status, including objective income and subjective economic feeling, was the most significant factor associated with internal migrants' health status, but IMs tended to be in lower social economic status than residents because of institutional exclusion and deficiency in social capital [32] .
Then, we found that the integration willingness had a significant correlation on self-reported health, perception of stress, and mental health. The result was consistent with the research found in other IM populations. For example, Garnweidner et al. (2012) showed that views on food habits and acculturation affected health among female immigrants [45, 46] . Chae et al. (2009) suggested that discrimination perception may be a risk factor for physical pain and selfrated health among American Indians/Alaska Natives [47] . Brayley et al. (2010) showed that social identity was associated with psychological constructs [48] . Social integration may be associated with psychological functioning, which includes a sense of belonging, personal control, and generalized trust [49] .
Further, our results suggest that improved social insurance in IMs' resident cities may help reduce their stress level. Due to the wide coverage of medical insurance across regions, social insurance might be the least important factor in social integration to influence IMs' health, Note: Gender, education, category of Hukou, and marital status were binary classification variables (0,1,0 was reference), other variables were continuous and standardized in the models. *p < 0.05; ** p < 0.01; ***p < 0.001 but how to transfer insurance coverage across regions for IMs is still uncertain. Since social health insurance has not been integrated at the national level, some IMs may not receive their customary social insurance if they have left their covered provinces [50] . Therefore, any improved social insurance in IMs' resident cities may ensure the necessary access to care among IMs. Our study supported the positive relationship between social communication and individual well-being that has long been recognized in the existing literature [51, 52] , Nonetheless, limited evidence points to how social communication influences individual health status in migrants [53] . In summary, using four aspects of social integration (socioeconomic status, integration willingness, social insurance, and social communication) helps explain how social integration is related to health.
Our second contribution demonstrated that IMs' social integration was not monotonically related to absolute income inequality. This challenges the traditional view of the negative relationship between social integration and absolute income inequality among non-IM populations. For example, Kawachi et al. (1997) found that income inequality was strongly correlated with lack of social trust, and in turn, both social trust and group membership were associated with total mortality [54] . Huisman et al. (2009) demonstrated that income inequality would have a relatively strong association with mortality after adjusting social capital indicators [42] . Weaver et al. (2006) showed that income inequality was moderately related to mortality and social capital had a powerful, negative effect on age-adjusted mortality rates [55] . More research is needed to explain non-monotonic relationships between absolute income inequality and social integration of IMs in China.
Third, we found that interaction between income inequality and social communication had a negative relationship with mental health. For example, in cities with higher income inequality, improved social communication may not benefit mental health [56] . IMs in China mostly joined the fellow-townsman associations, followed by participation in community sports groups. However, given the high social income inequality, these social communications may not provide adequate support to improve IMs' mental health. Further research is needed to identify effective interventions to create more inclusive social capital and promote better mental health [57] .
Finally, this study suggested that social income inequality may affect IMs' health status through social integration, i.e., economic integration including objective economic income or subjective social feelings. More social income inequality had a negative impact on self-reported health, perceived stress, subjective well-being, and mental health, even at the same level of socioeconomic integration. Findings from previous studies have suggested that socioeconomic factors were a primary driver of health inequities [58] , in accordance with our results.
It is worth noting that the IMs with less education had better self-reported health and mental health, which seems contradictory to the existing literature [59] . However, in China, IMs are a special population,most of whom have migrated from rural villages and had low educational attainment. For example, in our study, only 4.8% of IMs had a degree above high school. In general, if non-residents have college degrees or above, they can receive resident status via employment, i.e., some degree of naturalization, which means they are no longer IMs. Therefore, IMs with higher educational attainment were those small groups who cannot achieve resident status through employment. The selection bias of IMs with higher education may explain the inverse relationship between education and health among IMs. Future research is needed to examine the disparity in health among non-resident IMs or naturalized residents with high educational attainment.
This study has merely provided a snapshot of social inequality, social integration, and health among IMs in China, and there is no causality between the influencing factors and health status. We will extend the scope of the research in the future by examining more macro-social factors (e.g., policy and social culture) and grouping IMs in terms of residence time, education, and gender. In addition, we plan to compare the IMs with the registered population using qualitative studies, such as focus groups or in-depth interviews to complement the limitations of the quantitative studies. For example, the monthly income was used to calculate the Gini coefficient, which may underestimate socioeconomic inequality. Due to the cross-sectional design of the survey, we cannot establish the causality between social income inequality and health status among IMs in China.
Conclusion
In conclusion, health status was associated with social integration and social income equality. Our findings suggest that young, female, and more-educated IMs may need more attention with regard to social integration. Policies or programs targeting IMs should be in support of integration willingness, sense of belonging, and economy. The role of the community should be expanded, such as creating community-based promotions for IMs. For example, social or sports activities are tailored to integration willingness and cultural adaption [60] . Meantime, social activities to facilitate employment and creating generalized trust within social environments should be promoted. Finally, macro-level structural changes and policies are needed to promote income equity. 1) The customs of the hometown (such as the customs of marriage, funerals) is more important to you; 2) Working in the current place is more important to you than living in the hometown; 3) Your child should learn to speak the hometown dialect; 4) Maintaining the hometown's lifestyle, such as eating habits, is important; 5) There is a big difference in health habits between you and local residents; 6) There is a big discrepancy in clothing, education, or retirement style between you and local residents; 7) Your opinions of some social issues are very distinct from the local residents'. Respondents provided their agreement with these views based on a five-point scale (strongly agree, agree, neither agree or not, disagree, strongly disagree).
T5
± 4.09
Familiarity with local dialect Proficiency in the local language Don't understand 14.9
Understand some only 23.0
Understand and speak some 22.7
Understand and speak 39.4
Integration will (9-36) Consists of 9 questions, such as, "I would like to live together with locals in a block (community)", "I would like to be a colleague with locals", and "I would like to be a neighbor with locals". Respondents answered based on a four-point scale (1 = disagree completely to 4 = agree completely), with the higher score meaning better integration will.
± 4.28
Discrimination perception (4-16) Includes 4 questions: "I feel the locals are willing to accept me as a part of them," "I feel the locals don't want to be my neighbors," "I feel the locals don't like me," and "I feel the locals look down on me" (1 = disagree completely to 4 = agree completely), with higher score meaning more discrimination perception.
7.34 ± 2.16 
